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The effect of 750 rads of gamma radiation on the rate 
of return of epidermal Langerhans cells (LC) following 
suppressive doses of topical glucorticoids was studied in 
guinea pigs. Gamma radiation alone had no effect on the 
LC as assessed by staining for cell membrane A TPase 
activity and Ia antigen. It did, however, delay the ex-
pected return of Ia but not A TPase surface markers on 
the LC after perturbation with glucocorticoids. The de-
layed return of surface Ia antigen is possibly related to 
a radiation-induced defect in the production of a re-
quired lymphokine and/or in intracellular Ia transport. 
Although our data do not rule out a cytolytic effect of 
steroids on the LC, they do strongly suggest that, at least 
in part, glucocorticoids act on the LC by altering cell 
surface characteristics. 
Langerhans cell s (LC) have many characteristics in common 
with other dendritic ce lls from lymphoid tissue and with mac-
rophages [1- 4]. Under normal conditions, they are the only 
cell s in the epidermis that express Ia antigens [5- 7] and are of 
bone marrow origin [8]. We know very little about their pre-
cu rsor cells, rate of turnover in t he epidermis, a nd life span. It 
is known, however, t hat mitotic figures are rarely seen in LC 
[9]. 
In a previous study, we showed that topically and systemi-
cally administered glucocorticosteroids cause a decrease in LC 
of the epidermis as determined by s taining for cell surface 
ATPase activity and Ia antigen [10). Although the LC density 
re turned to .normal levels within 7 days after discontinuation 
of treatment, it was unclear whether this was due to an actual 
influx of new LC from the b lood or to a recovery of membrane 
staining c haracteristics of LC which had persisted locally. 
Electron microscop ic observations indicated that at least some 
LC were still there even after corticosteroid treatments, but 
accurate electron microscopic quantitation was impossible. The 
LC s howed damage, but the changes observed did not indicate 
that t his damage was necessa rily irreversible. Thus, we were 
unable to determine whether the decrease in LC density was 
due to ce ll migration from the epidermis, cell death, or a ltera-
tion of cell surface markers. 
The present study was initiated as an attempt to delineate 
among the above mentioned possibilities, as well as to study 
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the effect of lethal gamma irradiation on the normal and 
glucocorticoid pretreated epidermal LC. We will s how that 
whole-body gamma irradiation a lters the reappearance of LC 
staining for Ia antigen but not for ATPase activi ty after the 
induction of a significant decrease in these membrane markers 
with glucocorticosteroids. Gamma rays a lone have no detectable 
effect on the cell. 
MATERIALS AND METHODS 
Animals 
Inbred strain 13 gu inea pigs were used throughout these experiments. 
They were bred in our animal facility from breeding pairs kindly 
provided by Dr. I. Green, N.I.H., Bethesda, Maryland. 
X-Ray Administration 
To evaluate the effect of x-ray on existing epidermal LC ATPase 
activity and Ia antigen, one group of animals was exposed without 
pretreatment to 750 rads of whole-body cesium-137 gamma rays at a 
rate of 540 rads/min. This dose of x-irradiation has been prev iously 
reported to constitute an LD10o for the guinea pig [11]. To assess the 
presence of ATPase activity and Ia antigen , duplicate 6-mm punch 
biopsies were obtained prior to irradiation and on alternate days 
t hereafter until each an imal's death . 
Topical Glucocorticoid Treatments Followed by X -lrradiation 
Guinea pigs were locally treated with 0.1% betamethasone d.ipro-
pionate (BD) prepared by dissolving the pure steroid compound (Scher-
ing Corp., Kenni lworth, New Jersey) in absolu te ethanol. Two 4-cm' 
areas separated by 2 em were mapped out on the dorsal surface of each 
guinea pig and marked with suture material. Twice daily fo r 14 days 
(day -13 to day 0, the last day of topical treatments), one of these 
areas was treated with 0.01 ml of either 0.1 % BD or absolute ethanol. 
Twenty-four hours after the last topical application (day 1), one group 
of animals was irradiated with 750 rads of whole body cesium-137 
gamma rays as described; the other group served as nonirrad.iated 
controls. Duplicate 6-mm punch biopsies were obtained for ATPase 
and la staining from both the BD· and ethanol-treated sides on day 
- 13 (before instituting treatments), and days 1, 2, 4, and 9 after 
discontinuation of top ical treatments. 
Enumeration of LC 
At the beginning of each experiment and at the t ime of each biopsy, 
the guinea pigs were shaved with an electric clipper. Remaining hairs 
were removed with Neet Creme (Whitehall Laboratories, Inc., New 
York, New York). Epidermal sheets were prepared from the biopsy 
specimens, stained for ATPase activity and Ia antigen, and mounted 
for light microscopic evaluation as previously described [10] . The 
density of LC within each epidermal sheet was determined using a light 
microscope with a calibrated eyepiece (Zeiss Kpl W 125 X 20, Carl 
Zeiss Inc., New York, New York). The number of LC per mm2 in 1 
central and 4 peripheral areas of each epidermal sheet was dete rmined 
and the arithmetic average of the 5 counts± SE was recorded. Epider· 
mal areas about the hair follicles were excluded. In each experimental 
group, t he number of LC per mm2 reported represents t he arithmetic 
average of 40 counts obtained from the 8 similarly treated guinea pigs 
biopsied on that day ± SE. 
Statistics 
Probabi li ties were determined using a Student's t-test. 
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RESULTS 
No effect on LC surface ATPase activity or Ia ant igen was 
observed after administration of 750 rads of ga mma rays to 
p r eviously untreated guinea pigs (T able I) . As expected, all 
animals died on an average of 9 days after irradiation. At t he 
time of death, t he bone marrow of all animals irradiated was 
virtua lly acellula r as assessed by Wright-stained sections of 
bon e marrow smears. 
W hen BD was topically applied over a 14-day period, a 
p rofound decrement in LC density as assessed by AT P ase and 
Ia stains occurred in both t he irradiated and nonirradiated 
guinea pigs; topical ethanol had no such effect (Fig 1). In t he 
nonirradiated control group, cell density as determined by both 
stains returned to control values wi t hin 7 days after discont in-
uation of percutaneous t reatments (Fig 1, right ). H owever, in 
t h e irradiated group, there was a discrepancy in the ra te of 
ret urn of t he LC as noted by t he two stains employed (Fig 1, 
left) . ATP ase-pos it ive cells returned to baseline within 7 days, 
whereas !a -bearing cells did not reach such levels unt il day 9. 
Thu s , on day 7, t here was a significant difference (p < 0.001) 
in L C ·numbers as dete rmined by AT Pase activi ty and Ia 
antigen . Such a di fference was no longer evident by day 9 (p = 
0.75 ). 
DISCUSSIO N 
X-rays do not affect ce ll surface ATPase activity or la ant igen 
on t he mature epidermal LC. This observation is in agreement 
with that previously reported by Klinkert et al (1 2] who found 
t he dendri t ic ce lls of rats to be radioresistant. Furthermore, x-
rays do not alter t he rate of return of ATPase-posit ive cells in 
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glucocorticoid pretreated areas, cont ra ry to what would have 
been expected if t he return were strictly a repopulation from 
the bone marrow. Irradiation did, however, delay t he recovery 
of surface Ia ant igen-posit ive cells in steroid pretreated epider-
mis in all t he a nimals studied. 
T he exact mechanism for t he delayed return of !a-positive 
LC is not clear; at least three different possibili t ies should be 
considered. First, t he x-radiation may have eliminated a T -cell 
subtype whose lymphokine secretion is stimulatory to Ia 
expression on t he LC. It is well documented t hat t he proportion 
of Ia-positive peri toneal macrophages is enhanced by T-cell 
lymphokines (13,14]. The lack of a similar factor might delay 
the expression of Ia ant igen on t he LC. In support of t his 
hypothesis, Granstein et a! [15) have recent ly shown that 
interleukin -2 bu t not interleukin -1 can restore antigen pres-
entation cell function in cells irradiated wi th both ul t raviolet 
B (UVB) and gamma rays, whereas interleukin -1 effectively 
reconstitutes antigen presentation in cells irradiated wi th UVB 
alone. The second possib ili ty is t hat x- radiation might cause 
cross-linking of sulfl1ydryl groups on eit her t he n and/ or {3 
chains of int racellula r Ia glycoprotein or its intracellular t rans-
port protein, thereby delaying its reappea rance on the cell 
surface. Ia ant igens on B cells have been shown to be recycled 
in trace llularly, and t his p rocess appears to be qui te sensitive to 
cross- linking (B. Pernis, personal communication) . . Kwock et. 
a! [1 6) have reported t ht -y radiat ion does cause cross-linking 
of sulfl1ydryl groups cri t ical to sodium-dependent amino acid 
transport in t he gut. Fina lly, it has been shown that -y radiation 
is capable of releasing a variety of lysosomal enzymes [17) and 
perhaps t hese might in ter fe re wi th intracellular recycl ing of Ia. 
Al though the disc repancy in LC density as determined by 
ATPase activi ty and Ia an t ige n does not prove t hat cr!ucocor-
t ico ids exert t heir effects on t he LC by altering cell surface 
characteristics, this obse rvation strongly suggests t hat gluco-
corticoids may, at least in pa rt, have such a mechanism of 
action. Functional changes without clear cytolytic effect have 
been desc ribed in gu inea pig macrophages in t he presence of 
glucocort icoids: both macrophage inhibit ion factor (18) and 
mac rophage activating facto r (19] a re inhibi ted from acting on 
mac rophages. Furthermore, human monocytes have been found 
to express reduced rosette format ion wit h C3 or lgG coated 
erythrocytes, a lthough phagocytosis of latex particles was un -
impai red [20]. The studies of Lynch et al (21 ) on the modulation 
of t he induction of murine contact sensit ivi ty with glucocort i-
coids suggest t hat t hese age nts functiona lly impair t he LC. 
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Most r ecently, Berma n et a l have repo rted t he una lte red pres-
en ce of OKT6-posit ive L C during glucocort ico id t reatments of 
huma n s kin desp ite profound reductions o f other surface m a rk -
e rs : l a, Fe, a nd C3b [22] . 
Abe re r et a l have repor ted that, UVB, a lt h ough it totally 
depleted t he murine ep idermi s of Ja -posit ive, ATPase-posit ive 
LC, h ad only a s light dose- indepe nden t, cyto lyt ic e ffect on thi s 
cell as stud ied ul t rastructura lly (23 ]. Al t hough our data do not 
rule out a cyto lytic effect o f stero ids on t he LC, t hi s is unlike ly 
to be t h e only manner in which t hese age nts act on t he cells. 
S ince t h e LC p recursor is bone m a rrow derived [8] and its 
mito tic activity in t h e skin is known to b e limited [9], a nd s ince 
t he dose of radiation employed in t hese studies caused n ec rosis 
of the bon e marrow in a ll anima ls, an y repopulat ion of t he 
ep ide rmis would have to be by LC t h at h ad migrated from t he 
bone marrow prio r to irra dia tion . T hus, glu cocort ico ids, like 
UVB, appea r to act on L C, at least in pa r t, by a ltering cell 
sur face dete rmin a nts. It rema ins to be shown whether t hese 
t wo d istinct p hys icoc hemical agents produce such c hanges by 
s imil a r mec ha nisms o f actio n. N onetheless, it wo uld a ppear 
l hat LC surface determin a n ts are at best inco mplete m easures 
of L C number , espec ia lly whe n agen ts suc h as glucocort icoids 
a nd UVB have been e mployed . 
We thank Dr. Arthur Watnick, Schering Corporation, Kennilworth, 
New J ersey, for providin g us with the betamethasone dipropionate used 
in these studies. 
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